Abstract The b-galactosidase is an industrially valuable enzyme and used to hydrolyze the lactose into glucose and galactose. Considering the broad utility profile in food industry, b-galactosidase from Aspergillus nidulans was purified and characterized in term of its catalytic properties and stability. It displayed highest catalytic efficiency at 60°C after 10.0 min within acidic pH environment (pH 5). The b-galactosidase exhibited 100% and 60% catalytic activity at 40°C and 50°C, respectively even after 120.0 min. The b-galactosidase activity was remained stable in the presence of Zn 2? , Ni 2? , and Mg 2? ions. The activity was also retained in all investigated organic solvents except DMSO at various ionic concentrations. The surfactants Triton X-100 and SDS caused positive impact on the catalytic activity of enzyme at 1.0 mM concentration. However, the percent relative activity of b-galactosidase was significantly reduced when incubated with EDTA. The molecular mass of b-galactosidase estimated to be 95 kDa. The SEM micrographs of ONPG before and after b-galactosidase treatment indicated a remarkable difference in the morphology and proved the strong catalytic strength of enzyme. The b-galactosidase also demonstrated exceptional storage stability at -80°C, -20°C and 4°C by retaining 86, 79 and 70% activity even after 100.0 days.
Introduction
b-Galactosidases (E.C.3.2.1.23, Lactase) regulate the hydrolytic process of lactose by cleaving the terminal nonreducing b-D-galactose components. Due to this catalytic property, b-galactosidase is widely employed in different biotechnological processes of food industry. It is involved to convert the lactose into b-glucose and b-galactose which are further used to synthesize sugar syrups (PereiraRodríguez et al. 2012) . The technological and sensorial properties of food can be enhanced through biocatalysis of lactose. This process is also important to improve the creaminess of ice cream and texture of various baked products. Moreover, the monosaccharides released after the hydrolysis of lactose increase the sweetness of the product (Mlichová and Rosenberg 2006) . b-Galactosidase is utilized in dairy industry to generate lactose-free milk products that is an efficient strategy in order to overcome the problem of lactose intolerant population worldwide (Harju et al. 2012; Alikkunju et al. 2016) . The transglycosylation activity of b-galactosidase synthesizes water soluble galactooligosaccharides that are mostly incorporated in infant milk powders, yogurt and beverages to improve their flavor and multiplication of valuable bifidobacteria in the gastrointestinal tract (Karasová-Lipovová et al. 2003; Sako et al. 1999) .
The efficient catalytic behavior and broad tolerance spectrum of enzyme against organic solvents, metal ions, high temperature and pH are responsible to broaden its utility profile at commercial level. The biochemical characterization of enzymes can boost up their catalytic efficiency over long period of time (Liu et al. 2015; Liao et al. 2016) . Different microbial species are capable to release extracellular b-galactosidase but fungal strains are always preferred owing to the production of highly stable and catalytically efficient enzymes for industrial applications. The optimization of different chemical and physical parameters can further improve the catalytic performance of enzyme in order to attain the maximum product yield. Aspergillus species are mostly utilized to synthesize a large quantity of b-galactosidases that have different molecular masses and valuable catalytic properties (Sen et al. 2012; Wu et al. 2018; Raol et al. 2015) . The new technologies such as protein engineering and computer based modeling are also very important to improve the major characteristics of enzymes with a remarkable catalytic efficiency and stability in order to fulfill their increasing demand for commercial use (Hecht 1996) .
The current study was designed to examine the biochemical characteristics of b-galactosidase released from A. nidulans. Moreover, the impact of various metal ions, solvents and surfactants was analyzed on the catalytic efficiency of newly produced b-galactosidase. The molecular weight of enzyme was determined and storage stability was examined at different temperatures for prospective industrial use.
Materials and methods

b-Galactosidase synthesis from A. nidulans
The A. nidulans culture was previously isolated from the soil sample collected around the dairy farm for extracellular production of b-galactosidase (Kamran et al. 2017) . The spores of 05 days old culture were used to prepare the seed culture. The seed culture (10.0 ml) was transferred into the optimized growth medium containing inoculum tube (90.0 ml) and kept for 03 days at 30°C under anaerobic and static environment. In the next step, inoculum was shifted into the fermentation flask (900.0 ml) and incubated for 10.0 days at 30°C. The fungal culture was harvested through centrifugation of fermented broth at 10,000 rpm for 15.0 min at 4°C. Furthermore, the enzyme containing supernatant was passed through 0.45 lm filter paper (nitrocellulose, Millipore, Germany) under vacuum condition and stored at -20°C to execute the next partial purification step.
Partial purification and dialysis of b-galactosidase
The gradient precipitation technique was used for the partial purification of b-galactosidase from A. nidulans using 40.0-60.0% ammonium sulfate. The salt was added gradually in cell free filtrate (CFF) at 4°C with constant mixing and kept for 18.0 h at the same temperature to equilibrate. The enzyme precipitates were obtained by centrifugation at 4°C for 15.0 min at 1000 rpm and re-dissolved in 50.0 mM citrate buffer (pH 5.0). The catalytic activity and protein concentration of the enzyme were calculated after precipitation with each salt concentration (40.0-60.0%). Afterwards, the partially purified enzyme was dialyzed against the same buffer using dialysis tubing (Servapor Ò , Cut-off: 12,000 kDa) at 4°C. The dialysis tube was initially kept in double deionized water for 1.0 h and was unfolded by gentle rubbing. After the addition of enzyme in the dialysis tube, both sides were tightly clipped to prevent any enzyme leakage and the tubes were placed in 50.0 mM citrate buffer (pH 5.0) containing beaker at 4°C. The catalytic efficiency and protein concentration of dialyzed enzyme precipitates were estimated. The enzyme precipitates were stored at 4°C for the next steps of biochemical characterization and molecular weight estimation.
b-galactosidase activity determination
The catalytic activity of b-galactosidase was analyzed by mixing the enzyme (200.0 ll) with 1.0 ml of O-nitrophenyl-b-D-galactopyrinoside (1.5 mg/ml) and the reaction mixture was incubated at 60°C for 10.0 min. Afterwards, 1.0 ml of 10.0% Na 2 CO 3 was added in the reaction tubes in order to cease the reaction. The amount of O-nitrophenol (ONP) synthesized after the biocatalytsis of O-nitrophenylb-D-galactopyrinoside (ONPG) was estimated at 420 nm (Onishi and Tanaka 1995) . One unit of b-galactosidase represents the quantity of enzyme that releases 1.0 lmol ONP under standard reaction conditions.
Total protein concentration
The concentration of total protein was measured through Lowry's method and bovine serum albumin was used as a reference protein (Lowry et al. 1951) .
Effect of reaction time on the catalytic properties
The effect of reaction time was examined by incubating the enzyme (200.0 ll) with 1.0 ml of O-nitrophenyl-b-Dgalactopyrinoside (ONPG) for different time period ranging from 5.0 to 60.0 min. The synthesized end product was analyzed by following the standard assay procedure as mentioned above.
Impact of temperature on the catalytic properties
The catalytic property of b-galactosidase was evaluated at different temperatures (40-80°C) with constant reaction time (10.0 min) and substrate concentration (1.5 mg/ml) in order to attain the optimum reaction temperature for the maximum product synthesis. The shaking water baths (Thermo Fisher Scientific TM ) were used in this experiment for each temperature level. The catalytic activity of b-galactosidase was assessed by incubating it with substrate at 40-80°C for 10.0 min. Afterwards, the same protocol as discussed earlier was used to complete the entire enzyme assay procedure.
Thermal stability
The thermal stability of b-galactosidase was analyzed by preincubating it at 40-70°C for 120.0 min. After every 30.0 min, the enzyme was retrieved and assay was performed to examine its stability profile for potential industrial use.
Influence of pH and ionic capability of buffer on the catalytic properties
The impact of pH on the catalytic efficiency of b-galactosidase was examined by conducting the reaction within different pH environments (3.0-8.0) whereas, the temperature (60°C) and substrate concentration (1.5 mg/ml) were kept constant. Different buffers (acetate buffer: pH 3.0-5.0; potassium phosphate buffer: pH 6.0-8.0) with 50.0 mM ionic strength were used in this experiment. The influence of the ionic strengths of the selected buffer was examined on bgalactosidase activity by performing the assay with different concentrations (10.0-100.0 mM) of selected sodium acetate buffer however, the pH was kept constant (pH 5.0). ) was analyzed on the bgalactosidase activity by incubating the equal quantity of both reactants (1:1) at 37°C for 30.0 min and the enzyme assay was performed through standard test procedure as described earlier.
Impact of solvents, surfactants, metal ions and metal ions chelator on the catalytic properties
Storage stability
The stability profile of b-galactosidase was examined by storing the enzyme at 37°C, 4°C, -20°C, and -80°C for 100.0 days. The enzymatic activity was estimated on daily basis in terms of percent residual activity.
Molecular mass estimation and In-situ electrophoresis of b-galactosidase
Native-Polyacrylamide gel electrophoresis (Native-PAGE) was performed to estimate the molecular mass of b-galactosidase. The migration rate of the partially purified and dialyzed enzyme was compared with standard protein bovine serum albumin (BSA). Initially, the equal quantity (1:1) of enzyme and sample diluting buffer was mixed. This mixture was loaded onto a 12.0% polyacrylamide gel and electrophoresis was performed at 80.0 mV. The gel was stained using Coomassie brilliant blue R-250 and destained in order to attain the clear background around the protein bands. Slightly upgraded protocol of Pan et al. (1989) was used for In-situ electrophoresis of b-galactosidase. Initially, the gel was washed thrice with double deionized water and acetate buffer buffer (pH 5.0; 50.0 mM) after electrophoresis. After that, the gel was incubated with X-gal (dissolved in dimethylsulfoxide) at 37°C overnight and the blue green band of b-galactosidase was observed. An approximate molecular weight of b-galactosidase was determined using gel documentation system with Quantity One Quantitative software (Bio-Rad Gel Doc TM 2000).
Scanning electron microscopy
The topographical analysis of substrate (O-nitrophenyl-b-D-galactopyrinoside) before and after the enzyme treatment was performed through scanning electron microscope (JSM 6380A Jeol, Japan). The samples were sputter coated with gold by placing them in the quick auto coater and the micrographs were taken at different magnification scales (25009, 30009, 50009, 70009) .
Statistical analysis
All the experiments were conducted in triplicates and the data presented are a mean value of three observations. The data was analyzed through Bonferroni test for the calculation of significant difference and the significant level was adjusted at P \ 0.05.
Results and discussion
Partial purification and dialysis of b-galactosidase
In the current study, b-galactosidase released from A. nidulans was partially purified using ammonium salt by following the gradient precipitation approach. The optimum salt saturation is capable to purify and concentrate the b-galactosidase by changing its solubility within the cell free filtrate mixture. Various concentrations of ammonium sulfate ranging from 40.0 to 60.0% were added gradually in the crude enzyme on ice bath and continuously mixed to reduce the effect of the heat generated during the entire process. It was found that 50.0% concentration of the ammonium sulfate was enough for the precipitation of bgalactosidase with the maximum specific activity (Table 1) . However, it was reported earlier that the bgalactosidase from Bacillus safensis JUCHE 1 was purified on the same salting-out principle using 40.0% ammonium salt concentration (Nath et al. 2013) . The concentration of the salt for enzyme precipitation may vary due to different molecular weights of enzymes. A purification approach can be made more efficient if different physical and chemical properties including optimal pH, molecular mass, isoelectric point of the enzyme are known (Dako et al. 2012) . It was observed that the fold purification improved as the catalytic activity of b-galactosidase increased and enzyme precipitates showed 505.0 U mg -1 specific activity with 8.4 fold purification. Whereas, dialyzed precipitates showed 928.8 U mg -1 specific activity with 15.5 fold purification. The recovery of the enzyme precipitates was improved after dialysis from 40.7 to 50.6%. The b-galactosidase from different sources was purified to different extent. The b-galactosidase from Anoxybacillus sp. KP1 was purified to 14.4 fold with 11.8% yield and 1632.1 U mg -1 specific activity (Bekler et al. 2017 ). Whereas b-galactosidase from Pediococcus acidilactici was purified to 3.06 fold with the yield of 28.26% and 0.883 U mg -1 specific activity (Chanalia et al. 2018 ). In the current study, the complete purification process of bgalactosidase from A. nidulans generated 15.5 fold purified enzyme with 50.6% recovery rate ( Table 2) .
Impact of reaction time on the catalytic properties
The catalytic efficiency of enzyme was examined by incubating it with substrate from 5.0 to 25.0 min at 50°C.
It was noticed that the percent relative activity of bgalactosidase increased as the reaction time increased and the highest activity achieved after 10.0 min of reaction period (Fig. 1a) . A gradual decrease in the percent relative activity was observed as the reaction time increased after optimal level (10.0 min). The b-galactosidase indicated 98% and 92% activity after 15.0 and 25.0 min of reaction periods, respectively. The minimum reaction time is preferred to be used in different bioprocesses of food industry in order to attain the maximum product yield within a short time. A survey of the literature showed that the reaction time of the enzymes varies due to their specific structural conformation. It was found that the pectinase from Bacillus licheniformis KIBGE-IB21 showed the maximum hydrolysis of pectin after 5.0 min whereas dextranase from Leuconostoc mesenteroides indicated its highest catalytic activity toward its substrate after 15.0 min (Rehman et al. 2013; Qader et al. 2007 ).
Impact of temperature on the catalytic properties
Temperature is the key factor that can alter the catalytic efficiency of any enzyme at industrial level. The heat tolerating capability of b-galactosidase was assessed by incubating the enzyme at different temperatures (40-80°C). It was noticed that the b-galactosidase activity accelerated as the temperature increased and reached to its optimal level at 60°C. However, further increment in the temperature reduced the catalytic activity of enzyme (Fig. 1b) . The reactants interact well with each other at high temperature due to the high kinetic energy but the extreme increase in the kinetic behavior may cause enzyme denaturation by cleaving the peptide bonds present to maintain the three dimensional structure of the protein (Rehman et al. 2015) . The temperature optima of the bgalactosidase varies among different microbial species. The b-galactosidase from psychrotolerant yeast Guehomyces pullulans 17-1 and H. lacusprofundi displayed the temperature optima at 50°C whereas, b-galactosidase synthesized from Thermomyces lanuginosus was completely stable at 47°C (Song et al. 2010; Karan et al. 2013; Fischer et al. 1995) .
Thermal stability
The stability profile of the b-galactosidase against different temperatures and incubation times was investigated that indicated the ability of enzyme to resist the thermal degradation in the absence of substrate. This capability is a prerequisite to be used in different industrial bioprocess where harsh conditions mostly exist (Bhatti et al. 2006) . It was noticed that b-galactosidase from A. nidulans was stable at 40°C with retention of 100% activity after 120.0 min (Fig. 1c) . The stability of b-galactosidase was gradually decreased as the temperature increased and a decline of 40% and 95% in initial activity was noticed at 50°C and 60°C, respectively after 120.0 min. The percent residual activity of enzyme further reduced at 70°C and enzyme retained only 16% activity after 60.0 min however, no activity was observed after 90.0 min. The high heat tolerating enzymes are mostly preferred in different industries because they can survive in the reaction mixture for long time and release the maximum product within short time due to the high kinetic energy. Thermal stability is also one of the important factors that is always considered for the commercialization of any enzyme (Rehman et al. 2015) . The addition of thermostable enzymes during the extraction process of fruits and vegetables juices at 50°C improves the release of colored compounds from the fruits and vegetables mesh networks (Lozano and Jorge 2006) . The thermostable b-galactosidase can be employed for the processing of different milk products at high temperature levels. It was found in the current study that bgalactosidase from A. nidulans is more excellent candidate for food and other industrial processes due to the broad thermal stability profile as compared to previous reports where the same enzyme from Pseudoalteromonas sp. 22b lost its all catalytic activity within 10.0 min at 50°C (Cieśliński et al. 2005 ). In the same way, b-galactosidase from Penicillium chrysogenum NCAIM 00237 showed its optimum activity at 30°C and further increment in temperature declined the activity (Nagy et al. 2001 ).
Influence of pH and ionic capability of buffer on the catalytic properties
The pH of the reaction mixture is a crucial factor to maintain the stability of the enzyme in any industrial bioprocess. It was observed that A. nidulans b-galactosidase was active over a wide range of pH levels. However, it exhibited more stability towards acidic environment and retained about 80% relative activity between pH 4.0-6.0 with the highest activity at pH 5.0 (Fig. 1d) . The acidic nature of the enzyme indicated its excellent behavior to be used in food industry because pH values of fruit juices are lower than 5.0. The acidic b-galactosidase can be used to improve the texture and flavor of the fruit juices, ice cream, butter, cheese and yogurt due to lower pH of these products (Lozano and Jorge 2006; Chanalia et al. 2018) . Further increase in pH to alkaline condition drastically decreased the catalytic behavior of b-galactosidase and it almost reduced 80% activity at pH 8.0. It was reported that bgalactosidase from B. licheniformis DSM 13 displayed its maximum catalytic activity when the reaction pH reached up to 6.5 however, b-galactosidase from B. megaterium indicated its high activity at pH 7.5-8.0 (Juajun et al. 2011; Li et al. 2009 ). The same pH optima (7.5) of b-galactosidase from Bifidobacterium infantis HL96 was achieved for O-nitrophenyl-b-D-galactopyrinoside (ONPG) and lactose hydrolysis (Hung and Lee 2002) . The effect of various ionic strengths of the selected acetate buffer having pH 5.0 was also investigated on the catalytic activity of b-galactosidase. It was observed that the percent relative activity of enzyme improved as the ionic strength of the buffer increased from 0.01 to 0.05 M and the highest activity was attained when ionic concentration reached up to 0.06 M (Fig. 1e) . Further increment in the ionic strength of the buffer caused a gradual decline with 98% and 70% relative activity at 0.07 M and 1.0 M concentrations, respectively. The enzyme and substrate based reactions depend on the ionic strength of the buffer and the availability of the charged molecules. The buffer ions paly pivotal role during the binding of charged groups of substrate to the catalytic sites of the enzyme. Consequently, the acetate buffer with 0.06 M ionic strength was observed as a suitable choice for the movement and binding of O-nitrophenyl-b-D-galactopyrinoside to the active sites of b-galactosidase.
Impact of solvents, surfactants, metal ions and metal ions chelator on the catalytic properties
The enzymes mostly face unfavorable reaction conditions when used in different industrial bioprocesses. They must have ability to tolerate extreme reaction conditions. Therefore, the stability profile of b-galactosidase was investigated in the presence of different solvents, surfactants, metal ions and ions chelator having different ionic concentrations. It was found that all organic solvents except DMSO caused positive impact on the b-galactosidase by maintaining its catalytic activity at 1.0 mM and 5.0 mM concentrations. However, the activity was reduced when the concentration exceeded up to 10.0 mM (Table 3) . It has been documented that the b-galactosidase from Halorubrum lacusprofundi was stable in alcoholic solution containing 10-20% methanol, ethanol, butanol or isoamyl alcohol (Karan et al. 2013 ). Various concentrations (1.0 mM, 5.0 mM and 10.0 mM) of different surfactants were also examined in order to find out their stimulatory or inhibitory impact on the catalytic efficiency of b-galactosidase. It was observed that Tween 80 maintained the percent relative activity of b-galactosidase at all concentrations however, Triton X-100 and SDS declined the percent relative activity of enzyme when 5.0 mM and 10.0 mM concentrations were used. It was noticed that all metal ions with different concentrations (1.0 mM, 5.0 mM and 10.0 mM) generated inhibitory effect on b-galactosidase activity except Zn 2? , Ni 2? and Mg 2? ions. In another finding, the divalent cations Mg 2?, Mn 2? and Ca 2? were found as activators that enhanced the catalytic property of b-galactosidase from B. licheniformis DSM 13 at 1.0 mM concentration (Juajun et al. 2011) . The Hg 2? ions showed highest inhibition and declined the activity of b-galactosidase up to 72% when 10.0 mM concentration was tested. It has been mentioned in an earlier report that the catalytic property of b-galactosidase from Prunus persica inhibited with Hg 2? ions (Lee et al. 2003) . The percent relative activity of b-galactosidase was decreased in EDTA containing reaction mixture. It was evident from the current result that the b-galactosidase from A. nidulans belongs to a metallo-enzymes family that requires specific metal ions in order to accelerate the catalytic reaction. In the previous study, the EDTA and urea were also found as an inhibitors when incubated with b-galactosidase from Bifidobacterium infantis HL96 (Hung and Lee 2002) .
Storage stability
The shelf life of any enzyme indicates that how long it maintains its initial activity at various storage temperatures. It was noticed that the b-galactosidase from A. nidulans showed high storage stability at -80°C by retaining 86% activity after 100.0 days. The storage stability slightly reduced when the enzyme was kept at -20°C and 4°C where it displayed 79% and 70% of its initial activity respectively, even after 100.0 days (Fig. 1f) . The reduction in the catalytic activity of b-galactosidase at different storage temperatures could be due to the autolysis or unfolding of its three dimensional structure. It was observed earlier that the polygalacturonase from Bacillus licheniformis retained 100% catalytic activity when stored at -20°C for 30 days whereas, 95% activity was attained at 4°C (Rehman et al. 2015) . It was found that a drastic change in the catalytic activity of maltase appeared when kept at 30°C for 60 days which lost 63% of its initial activity . 
Molecular mass estimation and In-situ electrophoresis
The molecular mass and hydrolytic activity pattern of the enzyme were analyzed through Native-Polyacrylamide gel electrophoresis and in-situ electrophoresis, respectively. A clear hydrolytic band of the partially purified b-galactosidase was observed against a substrate X-gal with 95 kDa molecular mass (Fig. 2) . Various microbial and plants species produce a variety of enzymes with different molecular weights. The purified b-galactosidase isolated from peach was 42 kDa in molecular mass whereas, the xylanase from Chaetomium sp. CQ31 showed 25.1 kDa molecular mass (Lee et al. 2003; Jiang et al. 2010) . The molecular mass of the recombinant b-galactosidase from Thermotoga naphthophila was estimated to be 79.0 kDa (Yang et al. 2015) however, the molecular mass of the bgalactosidase from Pediococcus acidilactici as measured by the SDS-PAGE and MALDI-TOF was 39.07 kDa (Chanalia et al. 2018 ).
Scanning electron microscopy
The topographical analysis of O-nitrophenyl-b-D-galactopyrinoside before and after b-galactosidase treatment was carried out through scanning electron microscopy at different magnification scales (25009, 30009, 50009, 70009) . The micrograph results displayed the difference in the morphology of O-nitrophenyl-b-D-galactopyrinoside before and after the enzymatic treatment. The smooth and porous external surface of the untreated substrate was observed at 25009, 30009, 50009and 70009 (Fig. 3a, c, e, g). However, after b-galactosidase treatment the pores and the outer entire surface of substrate were seemed to be occupied by the irregular particles at various magnification scales (Fig. 3b, d , f, h). Such particles might be enzyme aggregates and end product released during the enzymesubstrate reaction. The most significant change on the surface morphology of the rice straw was also observed through scanning electron microscope after a-L-arabinofuranosidase treatment. The outer structure of the rice straw was regular and compact prior to the enzymatic treatment however, it became hollower, chapped and cracked after enzymatic action (Kurniati et al. 2016 ).
Conclusion
The present study is an effort made to purify and characterize the commercially employed b-galactosidase from A. nidulans. The results displayed some interesting properties of b-galactosidase with broad thermal and pH stability profile. The enzyme was more active at high temperature and acidic pH environment that indicated its broad efficacy to be used in processing of milk, fruit juices and bakery products. This enzyme can work with various organic solvents, surfactants and metal ions which improve its applications in different industrial bioprocesses. An efficient catalytic behavior of the b-galactosidase at different storage temperatures boosts up its utility profile for the routine laboratory use as well.
